Although the existence of Dark Matter (DM) has been suggested by various astrophysical observations, it has not yet been discovered today. We can assume a scenario in which the particles that account for the DM can interact with the Standard Model particles only through their couplings with the Higgs sector, the so-called Higgs-portal model. This model can be investigated by collider experiment using the invisible decay of Higgs boson. In this study, we evaluate the search ability of International Linear Collider (ILC) for invisible decay of the Higgs using International Large Detector (ILD) full detector simulation. We estimate 95% C.L. upper limit (UL) on the branching ratio of invisible Higgs decays and compare them between two center-of-mass energy conditions:
Introduction
The Dark Matter (DM) is one of the mysteries left in the Standard Model (SM) of the particle physics. The existence of DM has been suggested by various astrophysical observations, and many exploratory experiments are currently underway. Although it has not yet been discovered, there are several constraints from experimental search.
One of the models that describes the interaction between DM and SM particles is the so-called Higgs-Portal model [1] . In this model, DM in the Universe interact only through their couplings with the Higgs sector. The simplest and model-independent approach is assuming the minimal Higgs sector, single doublet Higgs field structure, that leads to the SM Higgs boson which has been observed so far and the DM singlets with spin 0, 1 and 1/2. In this case, the phenomenology of the model would be described only by two parameters in addition to those of the SM: the mass of the DM and its effective coupling to the Higgs boson.
This model can be searched by collider experiments. In the SM, the branching ratio of the invisible Higgs decay via Z boson decay (h → ZZ * → 4ν) is estimated to be ∼ 0.1%. If there are any new physics beyond the SM, this branching ratio can exceed significantly. Note that the mass region of DM that can be searched with this method is less than half of the mass of Higgs boson.
Today, the observed (expected) limit of 19% (15%) is set by the CMS group [2] and 26% (17%) by the ATLAS group [3] at 95% C. L. in the LHC experiment. In addition, the HL-LHC prospect is estimated to be 1.9% [4] . In fact, measurement of missing energy is not easy at hadron collider because the initial state of collision is not clear. On the other hand, at the lepton collider, such as the International Linear Collider (ILC) [5, 6, 7, 8, 9] , one can search the invisible decay of the Higgs boson with high accuracy using the recoil mass technique because of the clean environment and known initial state.
In this contribution, we evaluate the search ability of the ILC for invisible decay of the Higgs boson. ILC is a linear lepton collider which collides electrons and positrons. Its total length is planned to be 20 km which corresponds to be the center-of-mass energy of √ s = 250 GeV. The center-of-mass energy is upgradable to 500 GeV and 1 TeV in the future which is a unique advantage of linear accelerators. In addition, the beam polarization is also powerful tool to suppress backgrounds derived from W boson.
In this study, we use International Large Detector (ILD) [9] which is one of the detector concepts for the ILC. ILD is designed to optimize Particle Flow Algorithm (PFA) [10] which enables to reconstruct and identify all the particles, especially hadron jets. The jet energy resolution of ILD could be 3 -4% using PFA. We aim to estimate 95% C.L. upper limit (UL) on branching ratio (BR) of invisible Higgs decay at the ILC with ILD full detector simulation.
Signal and Background
The signal process of this study, shown in Figure 1 , is the Higgs-strahlung process with h → invisble and Z → qq. This process is expected to be the most sensitive channel because of the high statistics. Against this signal process, the main background processes are e + e − → ZZ → ννqq and e + e − → WW → lνqq. The process of leptonic decay of Z boson (Z → e + e − and µ + µ − ) are also studied and summarized in Ref. [11] . < l a t e x i t s h a 1 _ b a s e 6 4 = " ( n u l l ) " > ( n u l l ) < / l a t e x i t > Figure 1 : The diagram of Higgs-strahlung process.
Simulation Conditions
We assume two center-of-mass energies, √ s = 250 GeV and 500 GeV, and two beam polarization configurations, (P e − , P e + ) = (∓0.8, ±0.3). Integrated luminosities of 900 fb −1 / 1600 fb −1 are assumed for both beam polarization configurations at √ s = 250 GeV / 500 GeV based on the ILC running scenario [12] .
We use the signal and background samples which have been generated in the context of the ILC Technical Design Report [5, 6, 7, 8, 9] . The beam energy spectrum includes the effects by beamstrahlung and the initial state radiation. The beam backgrounds from γγ interactions are included in all signal and background processes. As the signal process, e + e − → qqH with h → ZZ * → 4ν is used adjusting BR(h → invisible) = 10%. The background processes from e + e − interactions are categorized according to the number of final-state fermions and whether Higgs is included: two fermions (2f), four fermions (4f) and SM Higgs processes.
We perform the detector simulation with Mokka [13]/ DD4Hep [14] , a Geant4-based [15] full simulation, with the ILD detector model ILD_o1_v05 / ILD_l5_o1_v02 for √ s = 250 / 500 GeV. Events have been reconstructed using PandoraPFA [10] in the Marlin framework [16] .
Analysis
The analysis is performed in three steps: reconstruction, event selection and UL estimation.
Event Reconstruction
The isolated lepton tagging is performed with IsolatedLeptonTagging processor [17] to remove events which contain isolated leptons. We use the parameters summarized in Table  1 for IsolatedLeptonTagging, where E CAL is the energy deposit in the whole calorimeter system, p is the track momentum, E ECAL / E HCAL is the energy deposit in the electromagnetic / hadron calorimeter system and E yoke is the energy deposit in the Yoke system. A multivariate double cone method is used to require isolation and a cut on MVA output is applied. 
After the isolated lepton tagging, the jet clustering is applied using Durham algorithm [18] by LCFIPlus processor [19] to force particles into two jets. At the same time, the beam background rejection with the rejection parameter α of 5.0 is performed at √ s = 500 GeV to remove the beam backgrounds from γγ interactions.
Event Selection
After the event reconstruction step, an event selection is performed. As mentioned above, the branching ratio of H → invisible is assumed as 10% for simplicity of event selection. The cut conditions and number of remaining events are listed in Table 2 , 3 for √ s = 250 GeV and Table  4 , 5 for √ s = 500 GeV where significance is defined as N S / √ N S + N B . And also the recoil mass distribution after event selection is shown in Figure 2 for √ s = 250 GeV and Figure 3 for √ s = 500 GeV. 
Upper Limit Estimation
After the event selection, we estimate 95% C.L. UL on BR(H → invisible). First, we calculate significance from N S and N B for each bin of the recoil mass distribution after selection and combine them in all bins (Root Mean Square). Then, UL is calculated with combined significance using following formula; 
Results
The results are summarized in Table 6 for √ s = 250 GeV and Table 7 for √ s = 500 GeV. The results of leptonic channel [11] are also summarized in the tables. From these results, one can conclude that the sensitivity is quite better at √ s = 250 GeV than 500 GeV. In addition, the hadronic channel (Z → qq) has a dominant role for search for invisible Higgs decays. Moreover, comparing the final result of ILC-250, 0.23%, and HL-LHC prospect, 1.9%, ILC-250 gives a factor of 10 better than HL-LHC prospect.
Finally we would like to mention the impact of collider experiments on search for DM. Figure  4 shows the limit of cross section between DM and nucleon as a function of DM mass. The green lines show the ILC results. One finds that collider experiments are complementary to the direct search experiments. The collider experiments have more sensitivity for searching low mass DM than direct search experiments. The potential of DM search at the ILC is comparable with other lepton collider projects.
